The mean redshift of the core of the Coma cluster -cz = 6953 km s −1 and its dispersion σ = 949 km s −1 are obtained by means of the analysis of the substructures of this cluster by using the S-tree method. The existence of three subgroups of galaxies is revealed, one of them is associated with the cD galaxy NGC 4874, the other -with NGC 4889. It is argued that these subgroups are galaxy associations, i.e. galactic dynamical entities moving within the main cluster. Thus we conclude that the non-stationarity of the dynamical processes ongoing in the Coma core is due to the merging of small-scale galaxy associations, rather than of two equal sized clusters. We provide the lists of the galaxies of the associations, the observational study of which can be of particular interest.
Introduction
In we have studied the substructure of several Abell clusters from the ESO Key Program ENACS database . The analysis was carried on using the S-tree method . It was shown that the studied clusters contain 2-3 subgroups, denoted, due to their remarkable dynamical properties, as galaxy associations. Those dynamical properties include the truncated 1D velocity distribution and relatively stable velocity dispersion. It was argued that the motion within the main cluster can be the natural mechanism explaining such a truncation. Because of the essential role that galaxy associations can have for the understanding of the evolution of galaxy clusters, their further study 1 seems of particular importance. This concerns especially observational studies, since the galaxies of the associations have to exhibit anomaly strong star formation activity, anomalies of a disk and bulge for spirals, possible tidal tails, etc, with more probability that ordinary galaxies of the cluster.
Here we analyze the core substructure of the Coma cluster using the S-tree method. The Coma cluster is one of the most studied clusters with remarkable substructure (e.g. Rood Kashikawa et al 1998) ; for more references see . The internal dynamics and the substructure of Coma have been extensively analyzed by Biviano et al (1996) ; Colless & Dunn, (1996) . Though the main conclusions of both studies are in agreement, there are some differences concerning the structure of the central region of the cluster. In general, the main tools in such investigations, on one hand, involve various statistical methods, the wavelets being among the efficient ones, and creation of various models based on certain assumptions on the cluster's symmetry, equilibrium, dark matter distribution, etc. (e.g. Merrit 1987), on the other hand.
The X-ray observations of the Coma cluster, especially by ROSAT (White et al 1993; Vikhlinin et al 1997), add crucial information on the substructures, as well as on the processes governing the mechanisms of X-ray emission. Both the galactic data and the X-ray images of Coma support the existence of substructures in the cluster, and the problem comes to the clear identification of the basic dynamical mechanisms responsible for the evolution of the cluster. Clearly, the further combination of data on the galaxies and X-ray data will enable much deeper insight onto the structure of the cluster, though one has to better understand the dynamics within the cluster, in order to proceed from realistic assumptions on the equilibrium conditions on the X-ray emitting gas.
Our study of the Coma core reveals the existence of 3 subgroups, which appear to be galaxy associations. Two of the latter are associated with the brightest cD galaxies NGC 4874 and NGC 4889, respectively. Their dynamical parameters are established, which enables us to conclude that they are moving within the cluster, so that one is a young merger, while the subgroup of NGC 4889 has been already largely dissolved. The segregation of galaxies within the subgroup we incline to explain not by core-halo evolution, but via dynamical friction during the motion. The obtained results indicate this essentially non-stationary character of structure of Coma cluster, and do not support the view that the latter can be a result of merging of two clusters 2 of equal size.
Data
In the analysis below we have used the data compiled by Biviano et al (1996) ; their dataset of galaxy redshifts is based on their own observations with CFHT, on the data by Colless and Dunn (1996) and those available in the literature. The authors provide also the completeness data with respect to the limiting magnitude. From this dataset we have extracted a sample of 188 galaxies in a 3000 ′′ × 3000 ′′ field centered on α = 12 h 57 m .3, δ = 28 • 14 ′ .4 and brighter than 18 m .0 (Mazure and Gurzadyan 1998). This choice was determined by data completeness with respect to magnitude.
Method
The S-tree technique developed for the study of the hierarchical substructure of galaxy clusters is described in detail in . It is based on the methods of theory of dynamical systems and has already been used for the study of substructure of the various clusters of galaxies, including the Local Group, Virgo (Petrosian et al 1998) and the sample of above mentioned ENACS Abell clusters.
This method is using the information on the 2D coordinates, redshifts and magnitudes of galaxies in a self-consistent way, namely, revealing the correlation which should exist between the particles' parameters (coordinates and velocities) of a gravitationally interacting N-body system. It is reached using a well know method in classical mechanics reduced to the study of the properties of the flow of geodesics in phase space of the system (Arnold, 1989) . Namely the so-called two-dimensional curvature
(Riem is the Riemannian tensor, u is the velocity of geodesics) is used for the evaluation of the 'degree of boundness'; for details see ) and the Appendix in . This procedure enables to reveal the structure of the system including the existence of subgroups and representation of the result via tree-diagrams (Stree). In the above quoted papers the role of the magnitude completeness, M/L ratio of galaxies and other effects are discussed as well. Special algo-rithms are used also for the analysis of the outcome information (Bekarian & Melkonian 1997 ).
Substructure of the Coma Core
This is not the first cluster studied via the S-tree method, therefore we will not repeat the description of the technical steps of the analysis. Thus, our analysis revealed the substructure of the core of Coma cluster, namely, the complex structural and dynamical conditions in the core of Coma cluster. First, the code has enabled to extract the galaxies with correlated parameters, thus defining the main physical system (MS) of galaxies: it contains 174 galaxies, centered at α = 12 h 57 m 32 s .3, δ = 28
The knowledge of the membership of galaxies is readily defining the redshift of the Coma cluster and velocity dispersion: cz = 6953 km s −1 and σ = 949 km s −1 , respectively. Then, at higher level of correlation, i.e degree of the mutual boundness, the existence of 3 subgroups of MS has been revealed. The subgroups contain 34 galaxies (1s), 14 galaxies (2s) and 17 galaxies (3s), as exhibited in Tables  1-3. The 1st subgroup includes the 2nd brightest galaxy of the Coma core -NGC 4874. The center of this subgroup lies at α = 12 h 57 m 34 s .31, δ = 28 • 15 ′ 35 " .45, i.e. does not coincide with NGC 4874.
The obtained parameters of galaxies of the MS and the subgroups are presented in Table 4 , which includes the number of galaxies (N), the median velocity (m, in km s −1 )), standard deviation of the redshift distribution (σ, in km s −1 ), 3rd and 4th moment of the redshift distribution, (s) and (c), respectively. We do not include any estimation of the error box for the standard deviation, since its precise value is not only of minor importance for our main aim of the subgrouping, but also due to the inhomogeneity of the input data, any weighting, strictly speaking, will add a bias in such estimation. Figure 1 shows the histograms of the redshift distributions of the initial sample, the MS, and of the three subgroups.
Discussion
The results obtained above enable us to draw the following picture on the substructure and the dynamical processes evolving in the Coma core.
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We have identified the galaxies forming the main body of the Coma cluster and have obtained its redshift and the velocity dispersion: cz = 6953 km s −1 and σ = 949 km s −1 , respectively. These parameters do not differ much from those obtained before (Biviano et al, 1996 , Colless & Dunn 1996 , except the center of the cluster does not coincide exactly with the dominant galaxy NGC 4874, though lies in its vicinity.
Then, we have revealed 3 subgroups of galaxies within the main system and have determined the charactersitics of each of them, given in Table 4 . Careful look of those parameters enables to understand certain dynamical processes going on within the cluster. Namely, the clear separation of the subgroups in the redshift space indicates their essential mutual bulk motion (Gurzadyan & Mazure 1998), i.e. when the bulk velocity is exceeding the velocity dispersion of each subgroup. This can mean ongoing merging of the subgroups, as confirmed below by additional arguments. The 3rd and 4th momentum show the absence of asymmetry on one hand, and stronger truncation of subgroups' (as compared with the main system) redshift distribution, on the other hand. Truncation of the subgroups, i.e. the cutoff of the the velocity dispersion of galaxies in the subgroups must occur at the motion of the subgroups within the main system (Gurzadyan and Mazure 1998).
Further evidences support this conclusion. NGC 4874 (α = 12 h 57 m 27 s .38, δ = 28 • 13 ′ 43 " , cz = 7176 km s −1 ) is not situated at the mass center of subgroup 1 and its redshift does not coincide with the median redshift of the subgroup containing the several bright galaxies of the Coma cluster, i.e. 5 galaxies brighter 15 m (see Table 2 ). Such a redistribution of galaxies is inevitable due to dynamical friction, if the group of galaxies is moving through a galaxy field. Biviano et al (1996) proposed to explain the overdensity of bright galaxies in the vicinity of NGC 4874 by the core-halo segregation mechanism during the own evolution of the subgroup. However, this mechanism is efficient in isolated stellar systems with large number of stars, while at least the required virialization is never reachable for a small-number galaxy group moving within a giant host system. The dynamical friction, on the other hand, does not depend on the smallness of the number of galaxies since acts on each galaxy individually, depending on the mass and the velocity of the moving object, and hence can be responsible for the observed segregation; for the observed galaxy/subgroup parameters the efficiency of dynamical friction requires time scales 10 8 − 10 10 yrs, i.e. cosmologically quite reasonable scale. This is again supporting the significance of the regular motion of the subgroup within the host cluster. Subgroup 1 shows better separation by 'degree of boundness' from the galaxies of the main cluster in redshift space, while the galaxies of subgroup 3 are more overlapped with redshifts of main cluster, i.e. there are galaxies not belonging to subgroup 3, but having redshifts lying within the redshift interval of that subgroup. Since one can hardly accept the possibility of the formation of the dynamical subgroups during the evolution of the main cluster and hence doubt in their primary origin and in their further dissolution within the cluster, the above fact can indicate only the more stronger dissolution of subgroup 3, as compared with the subgroup 2. In other words the former has to be an elder merger; this conclusion is supported also with the essential shift of the velocity of NGC 4889 (α = 12 h 56 m 55 s , δ = 28 • 14 ′ 46 " , cz = 6497 km s −1 ) from the median velocity of subgroup 3, a result of an action of dynamical friction. Similar conclusion has been drawn by Colless and Dunn (1996) from other considerations.
Thus, the present study indicates the existence of subgroups -galaxy associations -in Coma cluster which are undergoing the merging process, since essential bulk velocities and dissolution must mean only merging and not any time-reversed processed. It is remarkable that the subgroups are in various phases of merging. Indeed, the truncation of redshift distribution for the elder merger (subgroup 3) is more evident than for subgroup 1, so that only a core of galaxies had survived in the subgroup 3. Essential bulk velocity has been revealed also for the subgroups of the Local group (Gurzadyan & Rauzy, 1997; Rauzy & Gurzadyan, 1998) .
The existence of merging subgroups with mutual bulk motion within the host cluster does not support the idea that the Coma cluster is a result of merging of two equal sized clusters (e.g. Tribble 1993 ) but is in agreement with one of the alternatives mentioned already by Fitchett and Webster (1987) .
The fact that essentially non-stationary dynamical processes are ongoing in the core of Coma cluster affects the interpretation of the X-ray data as a way to reveal the structure of the cluster; see Kikuchi et al 2000) for references. Particularly, the isothermal assumption on the X-ray gas state leads to an overestimation of the mass of the system within the given radius. A multi-temperature gas will mean that the X-ray flux peaks will depend on the wavelength, and therefore the correlation of the X-ray peaks with galaxy distributions may be not straightforward (cf. Biviano et al 1996) .
The available data on the galaxies of the subgroups given in the Tables 1-3 show some peculiarities. For example, the subgroup 3 is almost totally composed of S0 galaxies. Seems remarkable also the non-random orientation of the galaxies in subgroup 1 (Fig. 2) . Another observational aspect concerns the individual properties of the galaxies of the subgroups. It is now becoming clear that even minor external perturbations can be the reason of various galactic anomalies, such as the starburst activity (Bekki 1999 Smith 1999) , tidal tails and bridges (Conselice and Galagher 1998), counter rotating disks, etc. The galaxies of subgroups with essential bulk velocity have to undergo more perturbations and hence to reveal more of those properties than the galaxies of the field. Hence the observational study of the galaxies listed in Table 1 -3 can be of particular interest, since the above mentioned tidally triggered phenomena link the dynamically detected galaxies with their individual properties.
We are thankful to F.Combes and G.Comte for valuable discussions. V.G. was supported by French-Armenian Jumelage. Figure captions. Figure 1 . The redshift histogram of the main system (MS) of the core of Coma cluster. The revealed three galaxy subgroups are indicated (dashed lines), with the parameters given in Table 1 . Figure 2 . The histogram of orientations of the galaxies in subgroup 1. Table 4 : Parameters of the Coma core main system (MS) and subgroups (1s, 2s, 3s): N denotes the total number of galaxies in the initial sample (T) and in each system; m the median velocity; σ, s, c, the standard deviation, 3rd and 4th moment of redshift distribution, respectively. 
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